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In 1917, F. Ellerman1 published a description of a phenomenon in the spectrum of the sun that has become a definition of a noteworthy type of solar disturbance. The "solar hydrogen bomb," according to Ellerman, is characterized by the transient appearance in the solar spectrum of an extremely thin band of brilliant emission, extending from 4 to 15 angstroms on either side of Ha (6562.8A), but not crossing the absorption line. The emission streak may be either symmetrical with respect to the central absorption line, or it may have greater extension, and be brighter, on the violet side than on the red. Hence, any filter capable of isolating a band in the spectrum, about one angstrom wide or less, and of shifting this band from one angstrom on the violet side to one angstrom on the red side of the Ha line, can be used for the unambiguous detection of "bombs" on the sun. These objects have been observed at the McMath-Hulbert Observatory for a number of years in the hope that they might be useful in an attempt to predict the times of occurrence and the positions of flares on the sun. The hope that the "bombs" would invariably indicate the imminent outbreak of a solar flare has vanished, but the observation of these features on the sun has established the connection of the spectroscopic "bomb" with structures in the solar atmosphere that may be sig-nificant elements in the growth and development of sun spots. This report will describe some of the observed results with regard to sizes, life times, and location on the solar disk of the structures that produce the "bomb" spectrum.
History.-The spectral appearance of what was later to be called "solar hydrogen bomb" was first described by W. M. Mitchell2 50 years ago. The spectroscopic phenomenon has been independently discovered on at least two separate occasions: first, by F. Ellerman in 1915,' and again by A. B. Severny3 in 1955. With full acknowledgment to the earlier publication by Mitchell, Ellerman added so much new information to what was known that his report is generally accepted by astronomers as the type description of "solar hydrogen bombs." However, Ellerman's publication was apparently overlooked by Severny, who renamed the spectroscopic phenomenon "Vcu" often translated as "mustaches."
The objects on the sun that give rise to spectroscopic "bombs" seem to have been first photographed directly by B. Lyot4 in 1942. Lyot found a large number of small, bright, circular areas in the close neighborhood of sun spots on photographs made with the aid of the monochromatic filter developed by him. As the effective wavelength of the light transmitted by the filter was decreased to about one Angstrom short of the center of the Ha (6562.8A) absorption line of hydrogen, some of the bright points disappeared, but others became more brilliant. Comparison of Lyot's description of the "petit point" as seen on the solar disk and the description by Ellerman of the spectroscopic "solar hydrogen bomb" makes it almost certain that the two publications refer to the same solar feature. It only remained to place one of the "petits points" on the slit of a powerful spectrograph to make the identity quite certain.
Spectroscopic observations of the "solar hydrogen bombs" was first attempted at the McMath-Hulbert Observatory in the spring and summer of 1955 during the construction and installation of the vacuum spectrograph5 in the McGregor solar tower telescope. In these months the priority of other observing programs prevented the use of the vacuum spectrograph for the study of "bombs" under conditions of best astronomical seeing. Nevertheless, "bombs" were detected and photographed on several occasions. Visual observations were continued throughout 1956 and the first successful photograph of a "solar hydrogen bomb" from a "petit point" was accomplished, more or less accidentally, in the early spring of 1957. Observations were continued, and by June, 1957, it was certain that light from the "petits points," which were easily observable through the Lyot filter, used as a guiding accessory for the vacuum spectrograph,6 produced "hydrogen bombs" in the solar spectrum. From this time onward, since a method of finding and guiding had been discovered, the systematic photography of "bombs" could be attempted.
It had also been demonstrated by mid-summer, 1957, that "points" identical with those visible through the Lyot filter could be photographed with the McMathHulbert 50-ft. solar spectroheliograph.7
APPARATUS AND METHODS
The Lyot Filter and the Vacuum Spectrograph.-The Lyot filter in the McGregor solar tower has been used for the study of "bombs" at the McMath-Hulbert Observatory in the following manner. When installed in position for use as a guiding device, the Lyot filter receives light reflected from the polished jaws of the entrance slit for the monochromator of the vacuum spectrograph. The reflecting area of the jaws corresponds to a field of view 3.8 by 5 minutes of arc in size, and the solar disk is examined area by area for the presence of "bombs." When the Lyot filter is adjusted to transmit a band of the spectrum less than an angstrom in width, with the band centered about 3/4 angstrom on either the short (6562.1A) or the long (6563.6A) wavelength side of the Ha (6562.8A) line, small, starlike, bright areas can be seen. These minute bright areas are not visible with the Lyot filter passing light from the center of the Ha absorption line. Once one of the small bright areas has been found, it can easily be placed on the slit of the spectrograph by means of the guiding controls of the telescope so that its spectrum can be seen or photographed with the vacuum spectroscope. At the same time, observers in the 50-ft. solar tower can be informed of the position of the "bomb" and it can be observed concurrently with the 50-ft. tower spectroheliograph.
Observations with the 50-ft. Tower Spectroheliograph.-The 50-ft. tower spectroheliograph8 is adjusted for the observation of "bombs" in two different ways. It quickly became evident from the spectroheliographic observations that the "bombs" could be observed much more easily in the neighborhood of the K-line of calcium than on the edges of the Ha line. The main reason for this difference in the ease of observation is the much lower inherent contrast of the "bomb" at Ha. The maximum ratio of the brightness of a"bomb" to the normal spectrum at the same wavelength near Ha is approximately 1.3, but for the " bombs" observed near the K-line the ratio of the brightness of the "bomb" to the brightness of the normal spectrum at the same point is normally 3 or 4, and in several cases has reached 10. Thus, although these objects are exceedingly small, they can be photographed on the violet side of the K-line of calcium with relative ease when the astronomical seeing is average or poorer than average. Under such adverse conditions, the photographic images of "bombs" are large. Their size is determined entirely by the blurring of the image as it is moved by the seeing.
CONCLUSIONS
General.-From 1955 through 1959, records of "bombs" have been made simultaneously through the Lyot filter, the vacuum spectrograph, and with the 50-ft. tower spectroheliograph. A fair-sized body of observations has accumulated and is now being studied. Although surprisingly few completely general conclusions can be drawn from these data, there are a few noteworthy regularities.
It can be stated with confidence that, according to our records, the "bombs" are not precursors of solar flares. They do not indicate the exact positions where flares will break out, nor are they indicators of the positions where flares will not occur. Association of the "bombs" with the positions and times of occurrence of flares seems to be one of chance.
The identification of Ellerman's "bombs" with Lyot's "petits points" is incontrovertible and complete. Every "bomb" spectrum at Ha that has been observed with the vacuum spectrograph has had a "petit point" as its source when a simultaneous observation was made through the Lyot filter. The converse is also true. Every "point" observed through the Lyot filter has shown an accompanying "bomb" spectrum in the vacuum spectrograph.
However, the series of spectroheliograms, particularly those made in the wings of the K-line, reveal many off-line features that are not "bombs." These features that do not satisfy the Ellerman description with any exactness, and that do not correspond to the Lyot "points," are now under study at the McMath-Hulbert Observatory, but will not be discussed further in this report.
Size.-Ellerman's type description of "bombs" says "there are two conditions essential for observations-good seeing and a large solar image-as the area of the phenomenon, even with a 16-inch image of the sun at the 150-ft. tower telescope, is so small that only with difficulty is the point of disturbance kept on the slit." The McMath-Hulbert Observatory observations indicate that Ellerman's statement holds exactly for the Ha phenomenon, but, because of the increased contrast of the "bombs" when observed in the K-line of calcium, these features can be photogiaphed with relatively small solar images and under ordinary conditions of seeing. It is quite possible that Ellerman's statement of the stringent conditions necessary for the successful observation of the "bombs" has delayed study of these important objects.
With the Lyot filter and the vacuum spectrograph in the McGregor tower telescope, the size of the area producing a "bomb" can be directly estimated with precision during optical observation of the object on the reflecting slit jaws used with the vacuum spectrograph. The width of the slit formed by the reflecting jaws is equivalent to 5 seconds of arc on the solar image. No object observed in connection with this investigation has had a diameter as large as this. There are also available, for estimation of sizes in the field of view of the Lyot filter, two wires that are seen as black lines having widths of 0.6 of a second of arc. The diameters of the largest "bombs" are slightly greater than the widths of the wires; of the smallest, less than the widths of the wires. These estimates, and measurements of the widths of the emission streaks in the spectra, place the diameters of the "bombs" in the range 5 seconds to 0.4 of a second of arc. The lower limit to the observable size is the telescopic resolving power at Ha.
The Distribution of the "Bombs" on the Sun.-"Bombs" occur most frequently near the outer edges of the penumbrae of large spots. Next most frequently they are found within the inter-spot areas, possibly near the penumbrae of small spots. Bombs rarely occur in plages that are apparently free from spots. Only two among several hundreds have been detected in spot-free plages. Under ordinary conditions these objectscan always be photographed in fair numbers. When conditions are unusually good, dozens may be visible on the solar disk at any given time. Lyot reported the formation of more than 17 of these objects within an hour in the neighborhood of a growing group of spots.4 There is indication that "bombs" are most likely to break out near a spot during the early and middle phases of the spot's life. Lifetime of the "Bombs".-An idealized "bomb" brightens rapidly and fades slowly, the entire event running its course in about ten minutes. The minimum observed duration is 4.4 minutes, but some objects have endured for hours. Repetition of the disturbance in exactly the same location is rather common, but repetitive outbursts are not so frequent as new outbreaks.
"Spectra of the Bombs".-The phenomenon is defined spectroscopically by the two bright streaks that extend along the spectrum from the Ha and K-lines, but which are present with only extremely low contrast in the center of these lines. In many cases the bright streaks become brighter near the edges of the parent absorption line. In most "bombs" the violet extension of the bright streaks is more intense than the red.
There is very little that can be added to the original description by Ellerman of the spectra of these objects. There are a few "pathological" cases in which the streak on the red side of the line is the brighter, or in which only one of the streaks appears. These cases are rare and will require separate discussion. In most of the spectra that we have obtained at the McMath-Hulbert Observatory there is frequent evidence that the "bomb" phenomenon is almost inextricably involved with the motions of small dark flocculi. The evidence for the importance of the dark filaments in the bomb phenomenon comes not only from the spectra, but also with perhaps even greater force from the spectroheliograms made with the 50-ft. tower spectroheliograph.
The "bomb" phenomenon has been recorded by other observers in the wings of many of the strong absorption lines of the solar spectrum." I The present observations confirm this fact and indeed suggest that most of the strong absorption lines in the solar spectrum exhibit, in varying degrees of contrast, the flanking bright streaks that are the characteristic of this solar feature. According to the present study the "bombs" have such general occurrence in the neighborhood of sun spots that they should be recognized as distinctive aspects of the growth and development of the active centers on the solar disk.
